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( 57 ) ABSTRACT 
A system having an integrated circuit ( IC ) device can 
include a die formed on a semiconductor substrate and 
having a plurality of first wells formed therein , the first wells 
being doped to at least a first conductivity type ; a global 
network configured to supply a first global body bias voltage 
to the first wells , and a first bias circuit corresponding to 
each first well and configured to generate a first local body 
bias for its well having a smaller setting voltage than the first 
global body bias voltage ; wherein at least one of the first 
wells is coupled to a transistor having a strong body coef 
ficient formed therein , which transistor may be a transistor 
having a highly doped region formed below a substantially 
undoped channel , the highly doped region having a dopant 
concentration greater than that the corresponding well . 
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INTEGRATED CIRCUIT DEVICE BODY FIG . 9 is a block schematic diagram of an IC device 
BIAS CIRCUITS AND METHODS according to a further embodiment . 

FIGS . 10A and 10B are schematic diagrams of body bias 
RELATED APPLICATIONS control circuits according to embodiments . 

5 FIGS . 11A and 11B are schematic diagrams of local bias 
This application is a continuation of U . S . Application Ser . circuits according to embodiments . 

No . is a continuation of U . S . application Ser . No . 14 / 799 , 715 FIGS . 12A and 12B are schematic diagrams of body bias 
filed Jul . 15 , 2015 and entitled “ Integrated Circuit Device control circuits according to further embodiments . 
Body Bias Circuits and Methods ” which is a continuation of FIG . 13 is a block schematic diagram of an IC device 
Ser . No . 13 / 838 , 221 filed Mar . 15 , 2013 and entitled “ Inte - 10 acc tled “ Inte , 10 according to another embodiment . 
grated Circuit Device Body Bias Circuits and Methods ” , FIG . 14 is block schematic diagram of event detect 
now U . S . Pat . No . 9 , 112 , 495 which issued Aug . 18 , 2015 , circuits that can be included in embodiments . 

FIG . 15 is a timing diagram showing a power - up opera the entirety of which is hereby incorporated by reference . tion of an IC device according to an embodiment . 
TECHNICAL FIELD 15 FIG . 16 is a block schematic diagram of an IC device 

according to another embodiment . 
FIG . 17 is a block schematic diagram of a body bias The present invention relates generally to body biasing control circuit that can be included in an IC device like that circuit solutions for systems including an integrated circuit of FIG . 16 , according to an embodiment . 

( IC ) device , and more particularly to body biasing circuit 20 FIG . 18 is a schematic diagram of a charge pump circuit 
techniques that provide different body bias voltages to that can be included in embodiments . 
different blocks of an IC device . FIG . 19 is a block schematic diagram of a local bias 

circuit that can be included in an IC device like that of FIG . BACKGROUND 16 , according to an embodiment . 
25 FIG . 20 is a block schematic diagram of a global bias 

Integrated circuit ( IC ) devices can include n - channel and supply circuit that can be included in an IC device like that 
p - channel transistors . In some IC devices , one or both types of FIG . 16 , according to an embodiment . 
of transistors can be formed in wells . To increase the FIG . 21 is a block schematic diagram of another local bias 
absolute value of the threshold voltage , the wells can be circuit that can be included in an IC device like that of FIG . 
reverse biased ( “ back ” biased ) . Thus , n - wells containing 30 16 , according to an embodiment . 
p - channel transistors can be reverse biased to a positive FIG . 22 is a top plan view of an IC device like that of FIG . 
voltage greater than a high power supply for the transistors . 16 , according to one particular embodiment . 
Conversely , p - wells containing n - channel transistors can be FIGS . 23A to 23C are side cross sectional views of 
reverse biased to a voltage more negative than their low transistors that can receive a body bias according to embodi 
source voltage ( i . e . , a voltage lower than ground ) . 35 ments . 
Under certain operating conditions , IC devices can be 

subject to current transient events . Such events can result in DETAILED DESCRIPTION 
a " droop ” of a power supply voltage , which can slow the 
operation of some circuits . Conventionally , such circuits are Various embodiments of the present invention will now be 
designed with a timing “ guard band ” , at the cost of perfor - 40 described in detail with reference to a number of drawings . 
mance , to ensure proper operation in the event of a current The embodiments show integrated circuit devices , body bias 
transient event . Further , in some conventional approaches , in control and generation circuits and related methods , includ 
response to current transient events , the IC device can ing power up sequences . Body bias values can be varied 
increase a reverse body bias voltage ( increase the setting of between circuit blocks to vary ( e . g . , optimize ) circuit block 
a reverse body bias ) . 45 performance . According to some embodiments , in response 

to current transient events , body bias voltages for circuit 
BRIEF DESCRIPTION OF THE DRAWINGS blocks can be “ collapsed ” to lower body bias voltage levels . 

In the various embodiments described below , like items 
FIG . 1 is a block schematic diagram of an integrated are referred to with the same reference character but with the 

circuit ( IC ) device according to one embodiment . 50 leading digits corresponding to the figure number . 
FIGS . 2A to 2C are side cross sectional representations FIG . 1 is a top plan view of an integrated circuit ( IC ) 

showing body bias connections that can be included in device 100 according to an embodiment . An IC device 100 
embodiments . can include a number of blocks ( 102 - 0 to - 3 ) , each of which 

FIG . 3 is a block schematic diagram of an IC device can include a number of transistors having body regions 
according to another embodiment . 55 which can be reverse biased . Transistors can include any 

FIG . 4 is a graph showing reductions in body bias voltage suitable insulated gate field effect transistor having suffi 
during current transient events according to one particular ciently strong body coefficients ( referred to herein as 
embodiment . “ MOS ” type transistors , but not implying any particular gate 

FIG . 5 shows graphs of how reductions in body bias or gate dielectric material ) . Accordingly , transistors can 
voltage can increase circuit speed during current transient 60 include any of : conventional p - channel ( PMOS ) transistors 
events . ( e . g . , 104n ) , conventional n - channel ( NMOS ) transistors 

FIG . 6 is a block schematic diagram of a body bias control ( e . g . , 104p ) , the conventional transistors having strong body 
circuit according to an embodiment . coefficients , or deeply depleted channel ( DDC ) PMOS tran 

FIG . 7 is block schematic diagram of an event detect sistors ( e . g . , 106p ) , or DDC NMOS transistors ( e . g . , 106n ) 
circuit that can be included in embodiments . 65 ( which by way of a typical architecture of such transistor , 

FIG . 8 is a block schematic diagram of an IC device has strong body coefficient ) . An embodiment of a DDC 
according to another embodiment . transistor will be described in more detail below . Other 
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transistor types , for instance , transistors with a three - dimen Similarly , if a global body bias voltage is a negative voltage 
sional gate and a heavily doped body region can be used . It for n - channel transistors , corresponding local body bias 
is understood that there is inevitably be a certain degree of voltages can have a higher voltage ( i . e . , can be less nega 
variation among conventional transistor construction ( e . g . , tive ) . 
variations in threshold voltage , gate insulator thickness , 5 In the particular embodiment shown , each local bias 
source - drain diffusion profiles , etc . ) . DDC transistor con circuit ( 112 - 0 to - 3 ) can generate a local body bias voltage 
structions can have their own variation as well , though the ( VBBO to VBB3 ) that varies in response to a control value 
degree of variation for DDC transistors is generally less than ( Ctrl0 to Ctrl3 ) . Thus , a local body bias voltage ( VBBO to 

VBB3 ) can be set according to such a value . A control value conventional counterparts . Though embodiments are pro 
vided contemplating a mix of transistor designs , preferably , 10 ( Ctrl0 to Ctrl3 ) can be an analog value or can be a digital 

value . In this way , a body bias voltage to each different DDC transistors are used wherever possible in IC device section can be adjusted independently . 100 . Note that transistors having strong body coefficient and It is understood that any of the blocks ( 102 - 0 to - 3 ) can particularly with body biasing , are amenable for use in include transistors without a reverse body bias voltage ( i . e . , 
circuit applications operating in the subthreshold region or 15 transistors with bodies biased to a power supply level ) . 
near - threshold computing ( having a supply voltage suffi FIGS . 2A to 2C are side cross sectional representations of 
ciently low as to be near the threshold voltage setting ) . body bias connections to transistors of a block that can be 

Transistors receiving a body bias can also have a prede - included in the embodiments described herein . FIG . 2A 
termined threshold voltage relationship with respect to a shows a conventional transistor 204 formed in a well 216 . A 
received power supply voltage . In some embodiments , tran - 20 well 216 can be of opposite conductivity type to a substrate 
sistors can have a threshold voltage setting that is less than 218 ( or larger well ) in which it is formed . A body bias 
or equal to 0 . 2V less than a supply voltage to the transistor . voltage for the transistor can be applied via a body bias 

Blocks ( 102 - 0 to 102 - 3 ) can include circuits of different connection 214 to the well 216 . 
types . According to particular embodiments , the blocks FIG . 2B is one very particular representation of a DDC 
( 102 - 0 to 102 - 3 ) can include but are not limited to any of : 25 transistor 206 formed in a well 216 . As in the case of FIG . 
memory circuits ; e . g . , dynamic random access memory , 2A , well 216 can be of opposite conductivity type to a 
( DRAM ) , static RAM ( SRAM ) or nonvolatile memory ) ; substrate 218 ( or larger well ) in which it is formed . A body 
processor circuits , e . g . , one or more central processing units bias voltage for the transistor can be applied via a body bias 
( CPUs ) , application PUs ( APUs ) , graphic PUs ( GPUs ) ; connection 214 to the well 216 . A DDC transistor 206 can 
application specific logic circuits ; or analog circuits . Such 30 Such 30 include a highly doped screening region 220 and substan 
different types of blocks can have transistors with different tially undoped channel 222 . Again , there are various 

embodiments of DDC transistors , some of which will be threshold voltages , and can have different responses to described in more detail below . current transient events . In some embodiments , an IC device FIG . 2C shows a semiconductor on insulator ( SOI ) tran 100 can be a system - on - chip ( SOC ) type device , integrating 35 sistor 204 formed on an SOL substrate 2181 An sol sub 
processor circuits , memory circuits and other application strate 2184 can include an active laver 218 - 0 . insulating laver strate 218 ' can include an active layer 218 - 0 , insulating layer 
specific circuits . In other embodiments , IC device 100 may 218 - 1 . and base substrate 218 - 2 . Transistor 204 ' can be 
be a system with one or more blocks segregated on indi formed in active layer 218 - 0 . A body bias voltage for the 
vidual die and assembled on one or more system boards . transistor can be applied via a body bias tap 214 to the active 

IC device 100 includes a global body bias supply 110 , 40 layer 218 - 0 . 
which can provide one or more global body bias voltages The various body bias connections shown in FIGS . 2 A to 
( VBBG ) to each block ( 102 - 0 to - 3 ) via a global network 2C are intended to be exemplary and not limiting . A local 
108 . A global body bias supply 110 can be a voltage body bias voltage as described herein can be applied to bias 
generating circuit , or can be an IC device connection ( e . g . , the body voltage of a transistor using any suitable means for 
bond pad , pin , etc . ) that receives an external voltage . A 45 the given transistor . 
global body bias voltage generating circuit can generally FIG . 3 is a top plan view of an IC device 300 according 
include a charge pump circuit , a switched capacitor circuit , to another embodiment . An IC device 300 can include a 
or a voltage regulator . number of blocks ( 302 - 0 to - 3 ) , global body bias supply 310 , 

Each block ( 102 - 0 to - 3 ) can include its own local bias and global body bias network 308 . Further , each block 
circuit 112 - 0 to - 3 . Each local bias circuit ( 112 - 0 to - 3 ) can 50 ( 302 - 0 to - 3 ) can include a local body bias circuit ( 312 - 0 to 
generate one or more local body bias voltages ( VBBO to - 3 ) . Such sections can be the same as , and subject to the 
VBB3 ) from global body bias voltage ( s ) VBBG . Such local same variations as those of FIG . 1 . It is noted that in alternate 
body bias voltages can be reverse body bias voltages that are embodiments , features shown as on the IC device 300 may 
applied to bodies of transistors within its block ( 102 - 0 to - 3 ) . be part of a system , for instance , a board having IC device ( s ) 
Accordingly , body bias voltages for each block ( 102 - 0 to - 3 ) 55 thereon ; by way of example , global body bias supply 310 
can be tuned for the performance of the transistors within the may be remote from IC device 300 and may feed in to IC 
block . Local body bias voltages ( VBB0 to VBB3 ) can be device 300 from a system that includes IC device 300 
static voltages , that generally do not change once the IC assembled therein . 
device is operational ( but can vary between blocks ) and / or FIG . 3 further shows a local reference supply 324 - 0 to - 3 
can be dynamic voltages that change ( e . g . , change in 60 and collapse circuit 326 - 0 to - 3 corresponding to each block 
response to an IC device mode or event ) . ( 302 - 0 to - 3 ) . A local reference supply ( 324 - 0 to - 3 ) can 

According to some embodiments , local body bias volt - provide a reference value ( Vref0 to Vref3 ) to each local bias 
ages ( VBBO to VBB3 ) can have smaller settings than the circuit ( 312 - 0 to - 3 ) . A local bias circuit ( 312 - 0 to - 3 ) can 
global body bias voltage ( VBBG ) from which they are control its body bias voltage ( VBB0 to VBB3 ) by comparing 
generated . For example , if a global body bias voltage is a 65 a current body bias voltage to a reference voltage . A 
positive voltage for p - channel transistors , corresponding reference value ( Vref0 to Vref3 ) can be a voltage , current , or 
local body bias voltages can have a lower positive voltage . digital value . In some embodiments , a reference value 
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( Vref0 to Vref3 ) remains constant , and body bias voltage can BLKO to VBB BLKn to a corresponding group of transis 
be adjusted by programming an allowable difference tors , as described herein , or equivalents . 
between the reference value and the body bias voltage . A collapse circuit ( 626 - 0 to 626 - n ) can collapse body bias 
Alternatively , a reference value ( Vref0 to Vref3 ) can be voltages to a set of transistors to a collapse voltage ( VCol 
adjustable , and a body bias voltage can track the reference 5 lapse ) as described herein , or equivalents . A collapse voltage 
value . ( Vcollapse ) can be static voltage or can be a dynamic 

Each collapse circuit ( 326 - 0 to - 3 ) can selectively connect voltage ( e . g . , a voltage that tracks power supply droop ) . In 
the bodies of transistors of its section to a " collapse ” voltage . the embodiment shown , each collapse circuit ( 626 - 0 to 
A collapse voltage can be a voltage having a setting less than 626 - n ) can collapse its body bias voltage in response to an 
the body bias voltage . In some embodiments , a collapse enable signal ( Coll _ ENO to Coll _ ENn ) generated by a 
voltage can be a low power supply voltage level . As but one corresponding event detect circuit ( 630 - 0 to - n ) . 
example , n - channel transistors can have a collapse voltage Each event detect circuit ( 630 - 0 to - n ) can activate its 
of zero volts ( e . g . , a low power supply level VSS ) , while collapse enable signal ( Coll _ ENO to Coll _ ENn ) in response 
p - channel transistors can have a collapse voltage of a high 15 to one or more predetermined conditions . Such conditions 
supply voltage ( e . g . , VDD , VCC ) . According to embodi - can include operations on an IC device and / or signals 
ments , collapse circuits ( 326 - 0 to - 3 ) can collapse a body received from sources external to the IC device . 
bias voltage to a collapse voltage in response to predeter FIG . 7 is a block schematic diagram showing a collapse 
mined events . Such events can include events which can event detect arrangement of an IC device according to an 
cause a current transient . In this way , a body bias voltage 20 embodiment . An event detect circuit 730 can activate its 
setting for transistors can be reduced in the event of a current collapse enable signal Coll _ ENx in response to a number of 
transient event . This is in contrast to conventional events ( or combinations of such events ) . In the particular 
approaches which either do not modify or can increase a embodiment shown , an event detect circuit 730 can receive 
body bias voltage setting in such cases . an interrupt signal ( INT ) . An interrupt signal INT can be 

In some embodiments , collapse circuits ( 326 - 0 to - 3 ) can 25 generated by hardware ( e . g . , in response to circuits opera 
be programmable , being enabled in response to a selected set tions ) or in response to software ( e . g . , instructions executed 
of events or modes of operation . In addition or alternatively , by a processor ) . Event detect circuit 730 can also receive 
collapse circuits ( 326 - 0 to - 3 ) can have a programmable signals applied from a source external to the integrated 
delay between an event and the collapse operation . circuit device . In the particular embodiment shown , one or 

FIG . 4 is a timing diagram showing a collapse operation 30 more signals external to the IC device ( External CMDs ) can 
according to one very particular embodiment . In the be received by an intermediate circuit ( in this embodiment 
embodiment of FIG . 4 , collapse circuits can enable reverse a command decoder ) , in response to such external signal ( s ) , 
body bias voltages to be selected to track a power supply a signal CMD _ ACT can be activated as an input to event 
level in the event of a current transient event . detect circuit 730 . 

FIG . 4 includes the following waveforms : VDD can be a 35 An event detect circuit 730 can also receive a block enable 
high power supply voltage ; VSS can be a low power supply signal BLKEN as an input . A block enable signal BLKEN 
voltage ( e . g . , ground ) ; VBN can be a reverse body bias can enable a block 702 of the IC device . Enabling a block 
voltage for n - channel transistors ; and VBP can be a reverse can include changing a state of the block , including from a 
body bias voltage for p - channel transistors . As shown , in the " sleep " mode to an active mode . A block enable signal 
event of a transient event , power supply levels ( VDD / VSS ) 40 BLKEN can be for the block that includes the event detect 
can " droop ” , moving towards each other . In response , col circuit , or can be an entirely different block . 
lapse circuits can cause the body bias voltages ( VBN / VBP ) FIG . 8 is a top plan view of an IC device 800 according 
to track such power levels . to another embodiment . An IC device 800 can include a 

As noted above , in very particular embodiments , such a number of blocks ( 802 - 0 to - 3 ) , global body bias supply 810 , 
tracking can be accomplished by having VBN collapse to 45 global body bias network 808 , and local body bias circuits 
VSS and VBP collapse to VDD . 812 - 0 to - 3 . Such sections can be the same as , and subject 

FIG . 5 is a timing diagram showing how reducing the to the same variations as those of FIG . 1 . 
setting of a reverse body bias voltage can increase circuit The embodiment of FIG . 8 also includes a digital bus 834 
speed over high body bias levels . and control store 832 . Local body bias circuits ( 812 - 0 to - 3 ) 

FIG . 5 includes the following waveforms : an inverter 50 can be controlled in response to multi - bit control values 
delay with a standard reverse body bias ( Standard VBB ) , an transmitted over digital bus 834 , including values stored in 
inverter delay with a reduced reverse body bias ( i . e . , a body control store 832 . Note , that in embodiments that provide 
bias having a lower setting than the Standard VBB ) ( Re body biases for both NMOS and PMOS transistors , such 
duced VBB ) ; as well as power supply levels ( VDD / VSS ) blocks will have at least two local bias circuits , one for 
simulating a current transient event ( i . e . , droop ) . 55 PMOS device and one for NMOS devices . A control store 
As shown , reducing the setting of the reverse body bias 832 can include any circuit structure suitable to provide 

can result in faster performance than maintaining the reverse digital values to digital bus 834 . All or a portion of values 
body bias level . In this way , reducing a reverse body bias within control store 832 can be writable from locations 
level during current transient events can increase perfor - external to an IC device 800 . In addition or alternatively , all 
mance , which can result in reduced guard - banding against 60 or a portion of the values of control store 832 can be 
such events . established by a manufacturing step of the IC device ( i . e . , 

FIG . 6 is a block schematic diagram of a body bias control mask option , assembly option etc . ) . It is noted that in some 
circuit 628 according to an embodiment . Body bias control embodiments , an IC device 800 may be subdivided into 
circuit 628 can include local body bias circuits ( 612 - 0 to components that are on die and are off die and feed in from 
612 - n ) , collapse circuits ( 626 - 0 to 626 - n ) , and event detect 65 a system in which IC device 800 is placed . For instance , 
circuits ( 630 - 0 to - n ) . Each local body bias control circuit control store 832 may be implemented on a system and 
( 612 - 0 to 612 - n ) can provide a reverse body bias VBB coupled to IC device 800 via digital bus 834 , without control 
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store 832 being fabricated onto the a die together with other 1038 , and a drain connected to provide the body bias voltage 
components shown in IC device 800 . ( VBP ) on body bias line 1044 ( i . e . , the drain is connected to 

FIG . 8 shows a control store 832 ' according to one very one or more wells or other active regions containing p - chan 
particular embodiment . A control store 832 ' can be a register nel transistors ) . A global body bias voltage ( Vglobal ) can be 
set that can store local bias control values for each block . In 5 provided on a global body bias network 1008 , which can 
the embodiment shown , control store 832 ' can include a provide such a value to multiple different blocks . In par 
body bias enable value for different conductivity type tran ticular embodiments , a bias device 1036 can be a high 
sistors ( BLKX VBN Enable , BLKX VBP Enable , where x is voltage transistor ( i . e . , a transistor designed to withstand a block identifier ) . Such values can enable or disable reverse higher voltage levels than other transistors of the IC device , body bias for transistors of the block . Control store reg . 832 ' 10 such as a thicker gate insulator , for example ) . can also include a body bias level value for different According to a difference between Vref and VBP , ampli conductivity type transistors ( BLKX VBN Level , BLKX 
VBP Level , where x is a block identifier ) . Such values can fier 1038 can drive bias device to raise or lower VBP with 
establish the level of the reverse body bias for transistors of respect to Vglobal . In particular , as VBP falls below Vref , 
the block . amplifier 1038 will increase the conductivity of bias device 

FIG . 9 is a top plan view of an IC device 900 according 1036 until VBP reaches a desired level . 
to another embodiment . An IC device 900 can include a A collapse circuit 1026 can include a collapse device 
number of blocks ( 902 - 0 to - 3 ) , global body bias supply 910 , 1040 . A collapse device 1040 can drive VBP to a lower 
global body bias network 908 , and local body bias circuit power supply level VDD in response to signal Coll EN . A 
912 - 0 to - 3 . IC device 900 can be on the same die or may 20 lower power supply ( VDD ) level can be lower than VBP . 
be subdivided so that some components are on a die and To avoid large current draw through device 1036 ( a 
other components are off die and located on a system on contention state ) the body bias control circuit may have a 
which the die is assembled . Such sections can be the same disable ( not shown , but discussed for another embodiment 
as , and subject to the same variations as those of FIG . 1 . below ) asserted when Coll _ EN is asserted . Alternatively , 

The embodiment of FIG . I also includes a digital bus 934 25 Vref may be set to the local VDD value during collapse 
and control store 932 . Collapse circuits ( 926 - 0 to - 3 ) for events , which will also essentially turn off bias device 1036 . 
each block can be controlled in response to multi - bit control FIG . 10B is a block schematic diagram of a body bias 
values transmitted over digital bus 934 , including values control circuit 1028 - N like that of FIG . 10A , but for n - chan 
stored in control store 932 . A control store 932 can include nel transistors . The operation of body bias control circuit 
circuit structures such as those noted for 832 in FIG . 8 , or 30 1028 - N is understood from the description of FIG . 10A . 
equivalents . While embodiments can include continuous ( e . g . , analog ) 

FIG . 9 shows a control store 932 ' according to one very control of local reverse body bias voltages , alternate 
particular embodiment . A control store 932 ' can be a register embodiments can include pulsed ( e . g . , digital ) control of 
set that can store local collapse control values for each reverse body bias voltages . FIGS . 11A and 11B show 
block . In the embodiment shown , control store 932 ' can 35 particular examples of such embodiments . 
include a collapse enable value for each block ( BLKX FIG . 11A shows a local bias circuit 1112 - N for n - channel 
Collapse Enable , where x is a block identifier ) . Such values transistors according to an embodiment . Local body bias 
can enable or disable the collapse circuit for block . Control circuit 1112 - N can include a comparator 1148 , toggle logic 
store 932 ' can also include a collapse event value ( BLKX 1150 , a level shifter 1152 , a bias device 1136 , and optionally , 
Collapse Event ( s ) ) . Such a value can establish for which 40 a second level shifter 1154 . A comparator 1148 can have a 
events / inputs a collapse operation can occur . Control store ( + ) input connected to receive a feedback voltage ( Vfb ) , that 
932 ' can also include a collapse delay value ( BLKx Collapse corresponds to the local body bias voltage VBN , a ( - ) input 
Delay ) . Such a value can establish a delay between an input connected to receive a reference voltage ( Vref ) , and an 
to a collapse circuit , and the resulting collapse operation . output connected to toggle logic 1150 . 

It is understood that embodiments can combine items of 45 Toggle logic 1150 can toggle between high and low values 
FIGS . 8 and 9 , to provide an IC device with digital control based on an output of comparator 1148 . In the particular 
of both reverse body bias levels , as well as collapse opera - embodiment shown , toggle logic 1150 can be an SR type 
tions . flip - flop circuit , with an output to level shifter 1152 . Level 

FIG . 10A is a block schematic diagram of a body bias shifter 1152 can shift output values from a lower voltage 
control circuit 1028 - P for p - channel transistors according to 50 domain to a higher voltage domain . In the embodiment 
an embodiment . Body bias control circuit 1028 - P can shown , level shifter 1152 can ensure a low value from toggle 
include local body bias circuits 1012 and a collapse circuit logic 1150 is driven to VGlobal . An output of level shifter 
1026 . A local body bias circuit 1012 can be a low dropout 1152 can turn bias device 1136 off and on . 
regulator ( LDO ) type circuit , and can include an amplifier Bias device 1136 can be an n - channel transistor having 
1038 and a bias device 1036 . Amplifier 1038 can have a ( - ) 55 source and body connected to VGlobal , a gate connected to 
input connected to receive a reference voltage ( Vref ) , a ( + ) receive the output of level shifter 1152 ( Cx ) , and a drain 
input connected to receive the generated body bias voltage connected to provide the body bias voltage ( VBN ) on body 
VBP ( i . e . , a feedback value ) , and an output that drives the bias line 1144 ( i . e . , the drain is connected to one or more 
bias device . Reference voltage ( Vref ) can be carried on a wells or other active regions containing n - channel transis 
reference line 1042 that can be for transistors of one block , 60 tors ) . A global body bias voltage ( Vglobal ) can be provided 
or multiple blocks . A reference voltage ( Vref ) can establish on a global body bias network 1108 , which can provide such 
a reverse body bias voltage VBP . As shown , a reference a value to multiple different blocks . Optional level shifter 
voltage Vref can be less than a global body bias voltage 1154 can shift a body bias voltage VBN to ensure compat 
Vglobal . ibility with the common mode input range of comparator 

A bias device 1036 can be a p - channel transistor having 65 1148 . A bias device 1136 can be a high voltage transistor . 
source and body connected to receive a global body bias The comparator may be continuous - time as shown , or 
value ( Vglobal ) , a gate coupled to the output of amplifier clocked ( i . e . , a dynamic comparator ) . 
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If VBN is above a predetermined level , Vfb will be DACs 1358 can receive input digital values from a local 
greater than Vref , and the output of comparator 1148 will be control circuit 1362 , and from such values can generate 
driven high . Toggle logic 1150 will drive level shifter 1152 reference voltages ( VrefNwA to VrefNwZ ) . Amplifiers 1338 
accordingly , which will drive signal Cx high . This turns on can have one input connected to receive the reference the bias device 1136 , resulting in the local body bias VBN voltage ( VrefNwA to VrefNwZ ) and another input con being driven lower . Once VBN is above a predetermined 
level , Vfb will be below Vref , and the output of comparator nected to the corresponding n - well ( i . e . , via 1334A to 
1148 will be driven low . By operation of toggle logic 1150 1334Z ) . Output of amplifiers 1338 can control correspond 
and level shifter 1152 , signal Cx will be driven low , turning ing bias devices 1336 . Bias devices 1336 can be p - channel 
off bias device 1136 . Thus , bias device 1136 can be con - transistors having source - drain paths connected between a 
tinually turning on and off to maintain VBN at a desired global bias voltage VNwell _ Global and their corresponding 
level . n - well . In such an arrangement , based on a difference 

FIG . 11B is a block schematic diagram of a local bias between a reference voltage ( VrefNwA to VrefNwZ ) and a 
circuit 1112 - P like that of FIG . 11A , but for p - channel well voltage , the conductivity of the bias device 1336 can be 
transistors . The operation of local bias circuit 1112 - P is a varied to maintain the n - well at a desired bias voltage . understood from the description of FIG . 11A . Collapse devices 1340 can be p - channel transistors having In some embodiments , the activation of a bias device 
( which establishes a body bias level from a global body bias ) source - drain paths connected between the local power sup 
and the activation of a collapse device can be interlocked ply voltage ( e . g . , VDD ) and their corresponding n - well . 
with one another . In particular , a bias device will be disabled Activation of collapse devices 1340 can be controlled via 
when the corresponding collapse device is enabled . Particu - 20 signals from a collapse control circuit 1360 . 
lar examples of such embodiments will now be described . Bias control circuits for the n - wells ( 1328 - 0 ' to - n ' ) can 

FIG . 12A is a block schematic diagram of a body bias have structures like those for the p - wells , but include 
control circuit 1228 - N for n - channel transistors according to n - channel bias devices 1336 ' and collapse devices 1340 ' . 
an embodiment . Body bias control circuit 1228 - N can Bias control circuits ( 1328 - 0 ' to - n ' ) can operate in a similar 
include a bias device 1240 , a collapse device 1236 , and 25 fashion , varying the conductivity of the bias devices 1336 
interlock logic 1256 . Bias device 1240 can be an n - channel according to a difference between a reference voltage ( Vref 
transistor having a source - drain path connected between a PwA to VrefPwZ ) and the voltage of their corresponding 
global body bias voltage ( VGlobal ) and a local body bias p - well . Reference voltages ( VrefPwA to VrefPwZ ) can be 
output 1244 , and a gate connected to an output of interlock generated from digital values output from local control 
logic . Collapse device 1236 can have a source - drain path 30 circuit 1362 ' . Collapse devices 1340 ' , when activated by 
connected between a collapse voltage ( which is a lower collapse control circuit 1360 , can collapse their correspond 
power supply voltage VSS in this particular embodiment ) ing well to the local power supply voltage ( e . g . , VSS ) . 
and the local body bias output 1244 . In particular embodi - FIG . 14 shows event detect circuits 1430 - 0 to - n accord 
ments , either or both of bias and collapse devices ( 1240 / ing to embodiments . Each event detect circuit ( 1430 - 0 to - n ) 
1236 ) can be high voltage tolerant transistors . 35 can activate a collapse enable signal ( Coll _ ENO to Col 

Interlock logic 1256 can ensure that bias device 1240 is 1 _ ENn ) , which can collapse a body bias ( e . g . , well ) voltage 
turned off whenever a collapse operation occurs ( i . e . , Col t o a predetermined level in response to particular events . 
1 _ EN is high ) . Further , interlock logic 1256 can ensure that Each event detect circuit can include local logic 1464 - 0 to 
bias device 1240 is turned on only when there is no collapse - n , local delay 1466 - 0 to - n , global delay 1468 - 0 to - n , and 
operation ( i . e . , Coll _ EN is low ) . 40 output logic 1470 - 0 to - n . Local logic ( 1464 - 0 to - n ) can 

FIG . 12B is a block schematic diagram of a body bias combine signals corresponding to local events ( i . e . , events 
control circuit 1228 - P like that of FIG . 12A , but for p - chan - occurring on the block itself ) ( LOCAL EVENTO to i ) . In the 
nel transistors . The operation of body bias control circuit particular embodiment of FIG . 14 , local logic can be an OR 
1228 - P is understood from the description of FIG . 12A , gate , but any suitable logic can be employed . Local delay 
where control signal Coll _ ENN is asserted active low rather 45 ( 1466 - 0 to - n ) can add delay to time the assertion or 
than high . de - assertion of a signal . In some embodiments , such delay 

FIG . 13 is a block schematic diagram of an IC device can be programmable . Global delay ( global delay 1468 - 0 to 
1300 according to another embodiment . In a very particular - n ) can delay a global event indication ( i . e . , an event outside 
embodiment , IC device 1300 can be one implementation of of the block ) ( GLOBAL EVENTi ) . Output logic 1470 - 0 to 
a device like that shown in FIGS . 8 and / or 9 . An IC device 50 - n can combine local and global event indications to gen 
1300 can include a number of blocks 1302 - 0 to - n , each of e rate the collapse enable signal ( Coll ENO to Coll ENn ) . 
which can include p - wells which can contain n - channel According to an embodiment , during the IC power up 
transistors , as well as n - wells which can contain p - channel sequence , the charge pumps may not have time to drive the 
transistors . Transistors can take the form of any of those global bias values to their correct values . In this case , the 
described herein , or equivalents . N - wells within each block 55 core devices may be temporarily forward body biased , 
( 1302 - 0 to - n ) can be driven to a bias voltage ( VNwell _ causing excessive power up currents . Consequently , one 
A , _ B . . . _ Z ) by a corresponding bias control circuit 1328 - 0 such GLOBAL EVENT may be the power up sequence , 
to - n . Such n - well bias voltages can be connected to their whereby the local body biases may be driven to the local 
n - wells via local bias lines ( 1334A to 1334Z ) . In a like supply voltages ( applying zero body bias rather than forward 
fashion , p - wells within each block ( 1302 - 0 to - n ) can be 60 body bias ) . When the supplies , including the global well 
driven to a bias voltage ( VPwell _ A , _ B . . . _ Z ) by a biases , have been determined to be at their nominal voltages , 
corresponding bias control circuit 1328 - 0 ' to - n ' . Such p - well the GLOBAL EVENT condition may be de - asserted to 
bias voltages can be connected to their p - wells via local bias allow local well biases to be reverse biased , further reducing 
lines ( 1334A ' to 1334Z ' ) . leakage currents . 

Bias control circuits for the p - wells ( 1328 - 0 to - n ) can 65 While embodiments herein can include IC devices that 
each include a digital - to - analog converter ( DAC ) 1358 , generate local body bias voltages from global body bias 
amplifier 1338 , bias device 1336 , and collapse device 1340 . voltages , embodiments can also include power - on sequences 
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for such devices . A power - on sequence according to one bias voltage ( VBPwell Global ) , local bias circuits ( 1612 - 0 to 
particular embodiment is shown in FIG . 15 . - n ) can generate their local body bias voltages ( VBN ) . 

FIG . 15 is a timing diagram of a power on sequence for At the same time , global source 1610 ' can generate a 
an IC device . FIG . 15 includes the following waveforms : positive global supply voltage ( VBNwell Global ) ( e . g . , 
VHi Max shows a high power supply voltage that can be 5 - + 2 . 2V ) from the Vhi _ Max voltage ( e . g . , - + 3 . 3V ) . Once the 
provided to particular circuits in the IC device ; VBNWell high power supply voltage ( VBNwell Global ) is established , 
can be a reverse body bias generated for p - channel devices local bias circuits ( 1612 - 0 ' to - n ' ) can generate their local 
( i . e . , VBP ) ; VBPWell can be a reverse body bias generated body bias voltages ( VBP ) . 
for n - channel devices ( i . e . , VBN ) ; and VHi can be a power After the local body bias voltages ( VBN / VBP ) are stable , 
supply voltage less than VH ; Max . provided to circuits with 10 a lower power supply voltage ( e . g . , m + 0 . 9V ) can then be 
transistors subject to one or both reverse body bias voltages . enabled . Alternatively , the body biases may be pinned to the 

supply voltage so as not to apply forward body biases , until In one very particular embodiment , VHi _ Max can be a such time as the global body biases are stable . power supply for a charge pump circuit that generates a FIG . 17 is a block schematic diagram of a bias control global negative body bias used to generate VBPwell , and Ewell , and 15 circuit 1728 according to an embodiment . In one particular can have a level of about + 3 . 3V . A positive reverse body bias embodiment , a bias control circuit 1728 can be one imple 
( VBNwell ) can be about + 1 . 7V ( which is greater than Vhi ) . mentation of that for IC device of FIG . 16 . Bias control 
A reverse body bias ( VBPwell ) can be about - 0 . 9V . Vhi can circuit 1728 can include a positive global supply 1710 ' , local 
be about + 0 . 9V , and can be a supply voltage to p - channel bias circuits 1712 ' ( only one shown ) , a charge pump circuit 
transistors having the reverse body bias voltage VBNwell 20 1772 , and local bias circuits 1712 ( only one shown ) . 
( of about + 1 . 7V ) . Positive global supply 1710 ' can be a DC - DC converter 

Referring still to FIG . 15 , as shown , the power voltage circuit that converts a high , positive power supply voltage 
Vhi can be enabled only after the VHi _ Max and VBNwell / ( Vhi _ Max ) to a lower positive global bias voltage ( VBNwell 
VBPwell have been settled . In one particular embodiment , Global ) . In one particular embodiment , positive global sup 
Vhi _ Max can rise first , enabling the local body bias voltages 25 ply 1710 ' can be an LDO circuit that converts a voltage 
( VBNwell / VBPwell ) to be generated . Only after such ( Vhi _ Max ) of about + 3 . 3V to a voltage ( VBNwell Global ) 
actions is power supply Vhi allowed to rise ( shown by of about + 2 . 2V . 
" delay " ) . The lower positive global bias voltage ( VBNwell Global ) 

FIG . 16 is a block schematic diagram of an IC device can be provided by local bias circuits 1712 ' . In the particular 
1600 according to another embodiment . An IC device 1600 30 embodiment shown , a local bias circuit 1712 ' can generate 
can incorporate a power - up sequence like that shown in FIG . a local body bias voltage ( VBPNVBNwell Local ) that varies 
15 . An IC device 1600 can include a number of blocks according to a digital control value Dig . Ctr10 . Further , local 
1602 - 0 to 1602 - n , which in the particular embodiment bias control circuits 1712 ' can be individually enabled or 
shown , can be CPU cores . Each block ( 1602 - 0 to - n ) can disabled according to an enable signal ENO . In one very 
include local bias circuits 1612 - 0 to - n that can generate a 35 particular embodiment , local bias circuits 1712 ' can provide 
local n - channel body bias ( i . e . , a p - well bias ) for its block , a local body bias voltage ( VBP / VBNwell Local ) that ranges 
and local bias circuits 1612 - 0 ' to - n ' that can generate a local from + 2 . 0V to + 0 . 6V . 
p - channel body bias ( i . e . , an n - well bias ) for its block . Charge pump circuit 1772 can generate a negative global 

Local bias circuits ( 1612 - 0 to - n ) can generate their local bias voltage ( VBPwell Global ) . In one particular embodi 
body bias voltages ( VBN ) from a negative global body bias 40 ment , charge pump 1772 can generate a negative global bias 
voltage ( VBPwell Global ) provided to each block ( 1602 - 0 to voltage ( VBPwell Global ) of about - 1 . 0V , utilizing an 
- n ) via a global network 1608 . Local body bias voltages oscillating signal of about 25 MHz and a power supply 
( VBN ) can set with corresponding digital values ( Dig . Ctrl ) . voltage of + 3 . 3V . 
In a similar fashion , local bias circuits ( 1612 - 0 ' to - n ' ) can T he negative global bias voltage ( VBPwell Global ) can be 
generate their local body bias voltages ( VBP ) from a posi - 45 provided local bias circuits 1712 . In the particular embodi 
tive global body bias ( VBNwell Global ) provided to each ment shown , a local bias circuit 1712 can generate a local 
block ( 1602 - 0 to - n ) via a global network 1608 . negative body bias voltage ( VBN / VBPwell Local ) that 

In the embodiment shown , a negative global body bias varies according to a digital control value Dig . Ctrln . Fur 
voltage ( VBPwell Global ) can be provided from a global ther , local bias control circuits 1712 can be individually 
source 1610 , which can include a charge pump circuit 1672 50 enabled or disabled according to an enable signal ENn . In 
controlled by an oscillator circuit 1674 . Charge pump circuit one very particular embodiment , local bias circuits 1712 can 
1672 and oscillator circuit 1674 can operate at a voltage provide a local body bias voltage ( VBN / VBPwell Local ) 
Vhi _ Max , which can be an externally provided high supply that ranges from OV to - 0 . 8V . 
voltage , such as the high voltage input - output ( VDDIO ) FIG . 18 is a schematic diagram of a charge pump circuit 
power supply . 55 1872 that can be included in embodiments . Charge pump 

A positive global body bias voltage ( VBNwell Global ) circuit 1872 can be one very particular implementation of 
can be provided from global bias circuit 1610 ' , which in a that shown as 1672 in FIG . 16 or 1772 in FIG . 17 . A charge 
particular embodiment can be DC - DC converter circuit , pump circuit 1872 can include pump control logic 1876 , a 
which can convert the voltage Vhi _ Max , to a lower voltage pump circuit formed by p - channel transistors P180 / P181 , 
level with high efficiency . 60 n - channel transistors N180 / N181 , and pump capacitors 

In a power up operation , Vhi _ Max ( e . g . , ~ + 3 . 3V ) can be C180 / C181 . Pump control logic 1876 can generate non 
applied . A lower power supply voltage ( e . g . , - + 0 . 9V ) is not overlapping pulses to drive capacitors C180 / C181 . 
immediately enabled . In response to Vhi _ Max , oscillator Within the pump circuit , transistors P180 / P181 can have 
circuit 1674 can generate an oscillating signal as an input to sources and bodies commonly connected to a charge voltage 
charge pump circuit 1672 . In response , the charge pump 65 Vcharge . Drains of transistors P180 / 181 can be cross 
circuit 1672 can start to generate a negative global bias coupled to their gates . Transistors N180 / N181 can have 
voltage ( VBPwell Global ) . In response to negative global sources and bodies commonly connected to an output node 
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VBN _ Source , which can provide the negative global supply supply voltage ( VSS ) and high power supply voltage ( Vhi _ 
voltage . Drains of transistors N180 / 181 can be cross coupled Max ) . Diode ladder 2082 provides a bias voltage for ampli 
to their gates . fier 2038 . 
On one pump cycle , a polarity of signal applied to C181 Amplifier 2038 can have a ( - ) input connected to receive 

from pump control logic 1876 can switch from high to low , 5 a reference voltage VREF , a ( + ) input connected to an output 
and negative charge can be transferred to VBN Source via ( VBNwell Global ) via a feedback path that includes pro 
transistor N181 . In addition , a polarity of signal applied to grammable resistance circuit 2078 , and output that drives 
C180 from pump control logic 1876 can switch from low to bias device 2036 . 
high , and transistor C180 can charge via transistor P180 . On Bias device 2036 can be a p - channel transistor having a 
the next pump cycle , a polarity of signal applied to C180 can 10 source and body connected to receive the power - up con 
switch from high to low , and negative charge can be trans - trolled high supply voltage Vhi _ Max ' , a gate connected to 
ferred to VBN _ Source via transistor N180 . The polarity of the output of amplifier 2038 , and a drain that provides the 
the signal applied to C180 can switch from low to high , and positive global body bias voltage ( VBNwell Global ) . Bias 
transistor C181 can charge via transistor P181 . device and other constituent devices may be high voltage 

FIG . 19 is a schematic diagram of a local bias circuit 1912 15 tolerant ( e . g . , thick - gate oxide ) . 
according to an embodiment . Local bias circuit 1912 can be In a manner like that of FIG . 19 , programmable resistance 
one very particular implementation of that shown as 1612 in circuit 2078 can be included in a feedback path between the 
FIG . 16 or 1712 in FIG . 17 . A local bias circuit 1912 can global body bias voltage ( VBNwell Global ) and ( + ) input to 
include a comparator 1948 , a bias device 1936 , a program - the amplifier 2038 . A resistance presented by programmable 
mable resistance circuit 1978 , and a level shifter 1980 . A 20 resistance circuit 2078 can be established via a digital code 
comparator 1948 can have a ( - ) input connected to receive ( Code ) . Thus , as the global body bias voltage ( VBNwell 
a reference voltage VREF , a ( + ) input connected to an output Global ) starts to move below a predetermined level ( set by 
( VBPwell Local ) via a feedback path that includes program - the digital ( Code ) ) , the ( + ) input to the amplifier 2038 will 
mable resistance circuit 1978 , and output that drives bias be less than Vref , and the output of amplifier 2038 will drive 
device 1936 . 25 bias device 2036 to a more conductive state , to raise the 

Bias device 1936 can be an n - channel transistor having a global body bias voltage ( VBNwell Global ) higher ( i . e . , 
source and body connected to receive a negative global bias toward Vhi _ Max ' ) . Conversely , once the global bias voltage 
voltage ( VBPwell Global ) , a gate connected to the output of ( VBNwell Global ) returns to the predetermined level or 
the comparator 1948 , and a drain that provides the local above the level , the bias device 1936 will be driven to a less 
body bias voltage ( VBPwell Local ) . 30 conductive state . 

As noted above , a programmable resistance circuit 1978 The output of the amplifier 2038 can provide a global 
can be included in a feedback path between the local body value PCtrl _ Global , which can be used to control other bias 
bias voltage ( VBPwell Local ) and ( + ) input to the compara - devices . In the embodiment shown , the output of the ampli 
tor 1948 . A resistance presented by programmable resistance fier 2038 can be connected to the global body bias voltage 
circuit 1978 can be established via a digital code ( Code ) 35 ( VBNwell Global ) by a capacitor C201 and resistor R201 . 
applied via level shifter 1980 . The level of the local body F IG . 21 is a schematic diagram of a local bias circuit 2112 
bias voltage ( VBPwell Local ) can be established with the according to an embodiment . Local bias circuit 2112 ' can be 
digital code ( Code ) . one very particular implementation of that shown as 1612 ' in 

If the local body bias voltage ( VBPwell Local ) is above FIG . 16 or 1712 ' in FIG . 17 . A local bias circuit 2112 ' can 
a predetermined level which is set by the digital ( Code ) , the 40 include a comparator 2148 , a bias device 2136 , a program 
( + ) input to the comparator 1948 will be greater than Vref , mable resistance circuit 2178 , and a level shifter 2180 . A 
and the output of comparator 1948 will be driven high , comparator 2148 can have a ( - ) input connected to receive 
turning on bias device 1936 , to pull the local body bias a reference voltage VREF , a ( + ) input connected to an output 
voltage ( VBPwell Local ) lower i . e . , toward VBPwell ( VBNwell Local ) via a feedback path that includes program 
Global ) . Once the local body bias voltage ( VBPwell Local ) 45 mable resistance circuit 2178 , and output that drives bias 
is below the predetermined level ( again , set by the digital device 2136 . 
( Code ) ) , the ( + ) input to the comparator 1948 will be greater Bias device 2136 can be a p - channel transistor having a 
than Vref , and the output of comparator 1948 will be driven source and body connected to receive a positive global bias 
low , turning off bias device 1936 . Once the local body bias voltage ( VBNwell Global ) , a gate connected to the output of 
voltage ( VBPwell Local ) drifts high again , the bias device 50 the comparator 2148 , and a drain that provides the local 
will be turned on . This repeats to maintain the local body body bias voltage ( VBPwell Local ) . 
bias voltage ( VBPwell Local ) within a desired range . Local bias circuit 2112 ' can operate in a manner similar to 

The output of the comparator 1948 can provide a control that of FIG . 19 . If the local body bias voltage ( VBNwell 
value NCtrl _ Local , which can be used to control other bias Local ) is below a predetermined level ( set by the digital 
devices . In the embodiment shown , the output of the com - 55 ( Code ) ) , the ( + ) input to the comparator 2148 will be lower 
parator 1948 can be connected to the local body bias voltage than VREF , and the output of comparator 2148 will be 
( VBPwell Local ) by a capacitor C190 and resistor R190 . driven low , turning on bias device 2136 , to pull the local 

FIG . 20 is a schematic diagram of a global bias circuit body bias voltage ( VBNwell Local ) higher ( i . e . , toward 
2010 ' according to an embodiment . Global bias circuit 1912 VBNwell Global ) . Once the local body bias voltage ( VBN 
can be one very particular implementation of that shown as 60 well Local ) is above the predetermined level , the ( + ) input 
1610 ' in FIG . 16 or 1710 ' in FIG . 17 . Global bias circuit to the comparator 2148 will be greater than VREF , and the 
2010 ' can be an LDO that includes an amplifier 2038 , a bias output of comparator 2148 will be driven high , turning off 
device 2036 , a programmable resistance circuit 2078 , a level bias device 2136 . This repeats to maintain the local body 
shifter 2080 , and a diode ladder 2082 . bias voltage ( VBNwell Local ) within a desired range . 
Diode ladder 2082 can include a number of p - channel 65 The output of the comparator 2148 can provide a control 

transistors connected in a “ diode ” fashion ( gates connected value PCtrl _ Local , which can be used to control other bias 
to drains ) in series with one another between a low power devices . In the embodiment shown , a capacitor C211 can be 
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connected between the output of the comparator 2148 and a and performance that could be otherwise achieved for a 
low power supply voltage ( VSS ) . design . An advantage of using a DDC transistor as part of 

FIG . 22 is a top plan view of a system configured as an implementing on the embodiments described herein is in the 
IC device 2200 according to another embodiment . An IC ability to reliably design integrated circuits using a statisti 
device 2200 can be an SoC type device , including a CPU 5 cally - based , process variation - comprehending simulation 
block 2202 - 0 , an SRAM block 2202 - 1 , an analog block model by which design corners could be shrunk . 
2202 - 2 , and a GPU block 2202 - 3 . Analog block 2202 - 2 can FIG . 23B shows a FinFET type transistor 2371 - B that can 
include negative global body bias sources 2010 and positive receive a body bias voltage according to embodiments . 
body bias sources 2010 ' . IC device 2200 can be fabricated on FinFET transistor 2371 - B can include a gate electrode 
a single die , or can be implemented across multiple die with 10 2373 - B and gate dielectric 2379 - B that surround a substan 
one or more blocks fabricated on their own die . Negative tially undoped channel 2381 - B on opposing sides . The view 
global body bias sources 2010 can take the form of any of of FIG . 23B is taken along a channel length . Thus , it is 
those shown as 1610 / 1672 in FIG . 16 or 1772 of FIG . 17 , or understood that source and drain regions can extend into and 
equivalents . Positive global body bias sources 2010 ' can take out of the view shown . A body bias VBB can be applied via 
the form of any of those shown as 1610 ' in FIG . 16 , 1710 ' 15 a connection to a substrate 2397 . 
in FIG . 17 , or 2010 in FIG . 20 . FIG . 23C shows a FinFET type transistor 2371 - C having 

Within blocks 2202 - 0 / 1 / 3 a negative global body bias a screening region 2387 - C , that can receive a body bias 
voltage can be provided via a network 2208 , while a positive voltage according to embodiments . As in the case of FIG . 
global body bias voltage can be provided via a network 23A , the FinFET transistor 2371 - C has a highly doped 
2208 ' . Blocks 2202 - 0 / 1 can also include local body bias 20 region that can be configured to have an enhanced body 
circuits 2212 , which can generate local negative body bias coefficient , along with the ability to set a Vt with enhanced 
voltages for n - channel transistors from a global bias voltage precision . The transistor 2371 - C includes a gate electrode 
on network 2208 , as described in embodiments herein , or 2373 - C and gate dielectric 2379 - C formed over a substan 
equivalents . Further , local body bias circuits 2212 ' can tially undoped channel 2381 - C on opposing sides . However , 
generate local positive body bias voltages for p - channel 25 unlike FIG . 23B , a highly doped region 2387 - C can be 
transistors from a global body bias voltage on a network formed in a substrate 2397 below substantially undoped 
2208 ' , as described in embodiments herein , or equivalents . channel 2381 - C rising upward three - dimensionally . Option 

FIG . 23A shows a DDC type transistor 2371 that can ally , a Vt set region 2389 - C can be formed between the 
receive a body bias voltage as described herein . A DDC screening region 2387 - C and substantially undoped channel 
transistor 2371 can be configured to have an enhanced body 30 2381 - C . 
coefficient , along with the ability to set a threshold voltage As in the case of FIG . 23B , the view of FIG . 23C is taken 
( Vt ) with enhanced precision . A DDC transistor 2371 can along a channel length , and source and drain regions can 
include a gate electrode 2373 , source 2375 , drain 2377 , and extend into and out of the view , separated from screening 
a gate dielectric 2379 positioned over a substantially region 2387 - C by portions of undoped channel region 2381 
undoped channel 2381 . Optional lightly doped source and 35 C . A body bias VBB can be applied via a connection to a 
drain extensions ( SDE ) 2383 can be positioned respectively substrate 2397 . Further descriptions of a finFET transistor 
adjacent to source 2375 and drain 2377 . Such extensions having a highly doped region can be found in patent appli 
2383 can extend toward each other , reducing effective length cation International Application No . PCT / US12 / 49531 titled 
of the substantially undoped channel 2381 . “ Semiconductor Devices Having Fin Structures and Fabri 

In FIG . 23A , DDC transistor 2371 is shown as an n - chan - 40 cation Methods Thereof ” . 
nel transistor having a source 2375 and drain 2377 made of It should be appreciated that in the foregoing descriptions 
n - type dopant material , formed upon a substrate such as a of exemplary embodiments , various features are sometimes 
p - type doped silicon substrate providing a p - well 2385 . In grouped together in a single embodiment , figure , or descrip 
addition , the n - channel DDC transistor 2371 in FIG . 23A tion thereof for the purpose of streamlining the disclosure 
can include a highly doped screening region 2387 made of 45 aiding in the understanding of one or more of the various 
p - type dopant material , and an optional threshold voltage set inventive aspects . This method of disclosure , however , is not 
region 2389 made of p - type dopant material . to be interpreted as reflecting an intention that the claimed 

A body bias voltage VBB can be applied via a tap 2391 invention requires more features than are expressly recited 
to the p - well 2385 . P - channel DDC transistors are under - in each claim . Rather , as the following claims reflect , 
stood to have reverse doping types as compared to an 50 inventive aspects lie in less than all features of a single 
n - channel DDC . foregoing disclosed embodiment . Thus , the claims follow 

Further descriptions of a DDC transistor as well as an ing the detailed description are hereby expressly incorpo 
exemplary fabrication process and other aspects of a DDC rated into this detailed description , with each claim standing 
transistor can be found in U . S . Pat . No . 8 , 273 , 617 , titled on its own as a separate embodiment of the invention . 
“ Electronic Devices and Systems , and Methods for Making 55 It is also understood that the embodiments may be prac 
and Using the Same . ” ADDC transistor provides advantages ticed in the absence of an element and / or step not specifi 
for circuit design in that , among other reasons , a DDC cally disclosed . That is , an inventive feature of the invention 
transistor enables designs having pulled - in corners . The may be elimination of an element . 
reason is the tighter distribution of the threshold voltage Accordingly , while the various aspects of the particular 
from device - to - device . Additionally , a DDC transistor 60 embodiments set forth herein have been described in detail , 
includes a strong body coefficient by which body biasing can the present invention could be subject to various changes , 
be used to further pull in design corners . A result of using a substitutions , and alterations without departing from the 
DDC transistor is the ability to implement improved inte spirit and scope of the invention . 
grated circuit designs according to desired targets for power What is claimed is : 
and performance whereas when using conventional transis - 65 1 . A method , comprising : 
tors circuit designers resort to designing conservatively for supplying a first power supply voltage for a charge pump 
wider design corners thereby sacrificing the potential power circuit that generates a global body bias voltage ; 



US 9 , 853 , 019 B2 
17 

generating a local body bias voltage from the global body 
bias voltage ; 

waiting for a predetermined delay after the local body bias 
voltage reaching and being stable at a predetermined 
value , and then supplying a second power supply 5 
voltage applied for transistors having the local body 
bias voltage while the local body bias voltage is stable 
at the predetermined value , the second power supply 
voltage being lower than the first power supply voltage . 

2 . The method of claim 1 , further including : 
in response to at least one local event and in response to 

a global event , coupling bodies of the transistors to a 
collapse voltage that tracks the first power supply 
voltage . 

3 . The method of claim 1 , wherein : 
the transistors including deeply depleted channel ( DDC ) 

transistors , each DDC transistor comprises a body with 
a screening region of a dopant concentration of no less 
than 1x1018 dopant atoms / cm² formed below a transis 
tor channel . 
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